A variant of the list method directed forgetting procedure was used to examine the role of inhibition in memory performance following severe closed-head injury (CHI). Twenty-four participants with severe CHI and 24 controls studied picture and word stimuli in both forget and remember conditions. Memory testing for the to-be-forgotten and to-be-remembered items consisted of a free-recall test followed by a source-monitoring task. Despite poorer recall performance, the participants with CHI exhibited a directed forgetting effect similar to that in controls. Item recognition scores indicated that the inhibited items were not forgotten but rather were items whose accessibility had been lowered. These findings suggest that residual memory deficits in patients with severe CHI are unlikely to reflect inefficient retrieval inhibition.
In many types of everyday settings individuals are cued to set aside, get rid of, suppress, or inhibit, either permanently or temporarily, something that resides in memory (E. L. Bjork, Bjork, & Anderson, 1998) . For example, we have all probably been told something such as the following: "Forget what I said earlier. I gave you the wrong information. Here is the correct meeting time." In other words, although forgetting is most often viewed as having negative effects, to function efficiently in our everyday environment, we frequently need to forget or inhibit previous information. Within the traumatic brain injury literature, few studies have investigated the influences of inhibitory mechanisms on the cognitive performances of patients with severe closed-head injury (CHI; e.g., Simpson & Schmitter-Edgecombe, 2000; Veltman, Brouwer, van Zomeren, & van Wolffelaar, 1996) . This is an important area of research because being able to suppress irrelevant information can be as important to attaining performance goals as being able to remember task-relevant information. In the present study, we used a directed forgetting task to examine the role of inhibition in memory performance following severe CHI.
Directed forgetting tasks have emerged as the primary way to investigate "intentional forgetting" in the laboratory (MacLeod, 1999) . There are two basic directed forgetting paradigms: the item method and the list method (Basden, Basden, & Gargano, 1993) .
In the item method, each item in a list is presented for a period of study and designated as a word that is either "to be forgotten" or "to be remembered." In the list method, participants are presented with a list of items to be remembered. After the first half of the list is presented (List 1), participants are told that all previously presented items should be forgotten and that only the subsequently presented items (List 2) should be remembered for a later recall test. In both the item and the list method paradigms, recall of both to-be-forgotten and to-be-remembered items is tested. The typical result for both paradigms is that recall of the to-be-forgotten material is poorer than recall of the to-be-remembered items (e.g., Basden et al., 1993; MacLeod, 1999; Whetstone, Cross, & Whetstone, 1996) .
Although there are many similarities between the effects obtained with the item and list method directed forgetting procedures, one notable difference relates to recognition memory. That is, poorer recognition of to-be-forgotten than to-be-remembered material has consistently been found for the item method, but not for the list method (e.g., Basden et al., 1993; R. A. Bjork & Geiselman, 1978; Geiselman & Bagheri, 1985; Geiselman, Bjork, & Fishman, 1983; MacLeod, 1999) . As a means of explaining this difference, it has been hypothesized that the item method fosters selective rehearsal during encoding, so that only the to-be-remembered items are elaborately processed, and this would be evident on any retention test (Golding, Roper, & Hauselt, 1996; Johnson, 1994; MacLeod, 1999) . In contrast, in the list method, the to-beforgotten items are learned normally and at retrieval a repressiontype process (i.e., retrieval inhibition) is thought to prevent them from being recovered in long-term memory (see Basden et al., 1993; R. A. Bjork, 1989; Wilson & Kipp, 1998) . Because retrieval inhibition only lowers the accessibility of normally acquired items, reexposure of the actual list items during recognition testing appears to release the retrieval inhibition (E. L. Bjork & Bjork, 1996 ; E. L. Bjork et al., 1998; Harnishfeger & Pope, 1996 ; for additional evidence supporting retrieval inhibition in list method directed forgetting, see Basden et al., 1993; R. A. Bjork, 1989; Geiselman et al., 1983; MacLeod, 1999; Whetstone et al., 1996) . Given our interest in investigating inhibitory mechanisms in memory performance in a population with severe CHI, we used a variant of the list method directed forgetting procedure in this study.
1 Inhibition has been conceptualized in the literature as a basic cognitive suppression mechanism that keeps task-irrelevant information from entering and interfering with the processing of pertinent information (R. A. Bjork, 1989) . Within the domain of memory, inhibitory mechanisms are thought to play an important role in the gating of irrelevant information from active work space during memory processing (e.g., R. A. Bjork, 1989; Zacks, Radvansky, & Hasher, 1996) . Thus, inefficient inhibition could impede memory by taking up space and by consuming processing resources that could be used to help process and retrieve additional relevant information (Bjorklund & Harnishfeger, 1990) .
Although deficits in explicit memory processes have been well documented in the severe CHI literature (e.g., Brooks, 1972 Brooks, , 1975 Levin, 1989; Paniak, Shore, & Rourke, 1989) , no study to date has directly evaluated the role of inhibitory mechanisms in memory performance in the CHI population. The few studies that have investigated inhibitory processes following severe CHI have focused on inhibition in situations in which an item is automatically activated but must be inhibited for successful task performance (e.g., negative priming and selective attention paradigms). The results of these studies currently present an inconsistent picture, with some studies suggesting deficient (e.g., Stuss et al., 1989; Vakil, Weisz, Jedwab, Groswasser, & Aberbuch, 1995; Van Zomeren, 1981) and others intact (e.g., Simpson & SchmitterEdgecombe, 2000; Schmitter-Edgecombe & Kibby, 1998; Veltman et al., 1996) inhibitory mechanisms in the population with CHI. In terms of inhibitory mechanisms in memory functioning, it has been postulated that participants with CHI may have greater difficulty than controls in screening out irrelevant information during memory testing (Levin & Goldstein, 1986) . This hypothesis derives largely from research that has documented frequent intrusion errors by participants with CHI on verbal memory tasks (e.g., Brooks, 1975; Crosson, Novack, Trenerry, & Craig, 1988; Levin & Goldstein, 1986) . Extrapolating from this hypothesis, one might expect to see deficient retrieval inhibition in memory performance in patients with severe CHI.
In this study, participants with CHI and control participants studied stimulus items in both "forget" and "remember" conditions. During the study phase of each condition, participants were presented with two lists of items: List 1 and List 2. Within each list, items were presented as either a picture or a word. Following presentation of List 1 in the forget condition, but not the remember condition, participants were told to forget the previously presented items and to concentrate on learning the List 2 items. In both conditions, subsequent memory testing consisted of a free-recall test followed by a source-monitoring task (picture, word, or new), which provided measures of both item recognition and source discrimination.
Consistent with retrieval inhibition, we expected that the control participants would exhibit poorer free recall for List 1 items compared with List 2 items in the forget condition. Furthermore, directed forgetting was not expected to be evident in the item recognition measure, indicating that List 1 items were available in memory but were temporarily inaccessible. For the population with CHI, we hypothesized that if inhibitory mechanisms are deficient, then the participants with CHI should be less successful than controls in complying with the forget instructions. In contrast, if inhibitory mechanisms are intact 1 year after severe CHI, then the participants with CHI should show directed forgetting in free recall as well as release from inhibition in item recognition. Furthermore, we expected that the participants with CHI would recall a smaller proportion of studied items than controls.
In terms of source discrimination, it currently remains unclear as to whether some of the contextual features associated with forget items continue to be inhibited when there is release of inhibition (see Basden & Basden, 1996; Geiselman et al., 1983) . Therefore, this study was designed to provide additional information concerning discrimination of source information in list method directed forgetting in both a neurologically intact population and a population with impairment (i.e., Is contextual information inhibited or equally available for forget items that are retrieved?). The few previous studies that have investigated source memory in the CHI literature have consistently demonstrated impaired memory for source following CHI when tested using direct, as opposed to indirect, testing methods (Dywan, Segalowitz, Henderson, & Jacoby, 1993; Vakil, Golan, Grunbaum, Groswasser, & Aberbuch, 1996; Vakil, Openheim, Falck, Aberbuch, & Groswasser, 1997) .
The design of this study also allowed us to further investigate the picture superiority effect in a population with severe CHI and within a source-monitoring paradigm. Previous studies have shown that use of pictorial stimuli, rather than words, can facilitate verbal learning, recall, and recognition performance for both controls and participants with moderate to severe CHI (e.g., Constantinidou, 1999; Constantinidou & Neils, 1995; Constantinidou, Neils, Bouman, Lee, & Shuren, 1996) . Therefore, we expected both the severe CHI and control groups to recall and recognize more of the items that had been presented as pictures than words. We also postulated that pictures might be better discriminated than words in the source-monitoring paradigm (Riefer, Hu, & Batchelder, 1994 ).
Method

Participants
Twenty-four individuals (4 female, 20 male) who had sustained a severe CHI and 24 controls were participants in this study. The majority of the CHI participants were identified through patient records obtained from a regional traumatic brain injury rehabilitation program in Spokane, WA. Other participants with CHI were recruited through the Vancouver, WA, chapter of the National Head Injury Foundation or through presentations made at several head injury support groups. Control participants were recruited from the community through the use of advertisements. This experiment was completed as part of a larger study investigating skill learning following severe CHI (see Schmitter-Edgecombe & Beglinger, 2001 ). All participants received parking expenses plus monetary compensation in return for their time.
Participants were considered to have experienced a severe CHI if review of medical records indicated that (a) duration of coma was greater than 48 hr (n ϭ 2) or (b) depth of coma, as assessed by the Glasgow Coma Scale (Teasdale & Jennett, 1974) , was 8 or less (n ϭ 16). In cases in which we were unable to obtain medical records (n ϭ 4), or coma depth and/or duration were not clearly reported in the records (n ϭ 2), individuals were considered to have experienced a severe CHI if both the participant and a significant other reported a coma duration of greater than 24 hr and a period of posttraumatic amnesia (PTA) that lasted at least 7 days. Careful clinical questioning conducted retrospectively revealed that all of the participants with CHI self-reported a coma duration of greater than 1 day (M ϭ 24.38, SD ϭ 25.79) and a PTA duration of 7 days or longer (M ϭ 74.83, SD ϭ 74.69).
The majority of participants (n ϭ 20) sustained their head injury as a result of a motor vehicle accident; the remaining four injuries resulted from a fall of greater than 10 ft (approximately 3 m). All participants with CHI were assessed at least 1 year following injury (M ϭ 10.55 years, SD ϭ 8.13 years, range ϭ 1-27 years). To avoid possible developmental effects, we included participants with CHI who were at least 15 years of age at the time of injury and less than 55 years of age at testing (see Table  1 ). Participants were excluded from the study if they had a history of a neurological disorder other than a CHI, a history of treatment for substance abuse, or a history of multiple head injuries. Because of the nature of the directed forgetting task, participants were also excluded if they met any of the following criteria: less than 20/40 vision, a visual field deficit that would impair viewing of a computer screen, an impairment in their ability to identify simple pictorial stimuli, an impairment in their ability to read simple words, or a score below the cutoff (122) on the Dementia Rating Scale (Mattis, 1988 ; M ϭ 137, SD ϭ 6.32).
To increase the likelihood that the premorbid abilities of participants with CHI were roughly equivalent to those of the controls, participants with CHI were matched to a control participant of the same sex, age (within 3 years), and educational level (within 2 years). In addition, an estimate of premorbid intelligence derived from the North-American Adult Reading Test (Blair & Spreen, 1989) revealed that the CHI (M ϭ 103, SD ϭ 5.81) and control (M ϭ 106, SD ϭ 6.91) groups did not differ significantly in premorbid abilities, t(46) ϭ 1.59. Furthermore, an estimate of current intellectual abilities (see Sattler, 1988) , derived using the Vocabulary, Arithmetic, Similarities, and Block Design subtests from the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) , did not differ between the groups (CHI: M ϭ 103, SD ϭ 10.03; controls; M ϭ 108, SD ϭ 9.66), t(44) ϭ Ϫ1.80. Sattler, 1988) . b Age-corrected scaled score. c T score. * p Ͻ .01. **p Ͻ .001.
Characteristics of the CHI and control group are presented in Table 1 . The number of participants included in each analysis is also presented, as 4 of the participants with CHI were unable to complete the entire neuropsychological battery because of time constraints. The data in Table 1 illustrate that the participants with CHI were experiencing residual cognitive difficulties. Using a more conservative alpha level of p Ͻ .01, the data indicate that the participants with CHI performed more poorly than controls on several measures of attention and speeded processing, including the Digit Symbol subtest of the WAIS-R and the Trail Making Test (Reitan, 1958) . The CHI group also performed more poorly than the control group, and approximately 1 standard deviation below normative means, on tests assessing category fluency (Animals), short-and long-delayed free recall of a word list (California Verbal Learning Test; CVLT; Delis, Kramer, Kaplan, & Ober, 1987) , and immediate and delayed memory for story passages (Wechsler Memory Scale-Revised; WMS-R; Logical Memory I and II; Wechsler, 1987) . In addition, they performed more poorly than controls on a measure of delayed visual memory (WMS-R Visual Reproduction II). In contrast to the above performances, the groups did not differ significantly on tests assessing immediate visual memory (WMS-R Visual Reproduction I), short-term auditory memory, and working memory (WAIS-R Digit Span subtest; a reading span test; Daneman & Carpenter, 1980) , ability to shift and maintain set (Wisconsin Card Sorting Test; Heaton, 1981) , and ability to inhibit an overlearned response (Stroop Color-Word Test; Golden, 1978) .
Design
The experiment consisted of two testing sessions. With the exception of two individuals with CHI who were tested on consecutive days for logistical reasons, the time between testing was at least 7 days for all participants (CHI: M ϭ 12.20, SD ϭ 6.21; controls: M ϭ 22.76, SD ϭ 12.10). To ensure the novelty of the directed forgetting procedure, or forget condition, all participants received the directed forgetting procedure during Session 1 and the control procedure, or remember condition, during Session 2. Demographic and neuropsychological data were also collected during Sessions 1 and 2.
Apparatus and Stimuli
IBM-compatible personal computers with active matrix screens were programmed with SuperLab Pro Beta Version Experimental Lab Software (1999) to display the stimuli. The critical stimuli were 96 pictures and their corresponding words. The pictures were taken from the Snodgrass and Vanderwart (1980) picture norms. The words were the names of the pictures. The words were 3 to 10 letters in length, with a frequency of no greater than 600 per million (Kučera & Francis, 1967) . Participants were seated approximately 30 cm from the computer screen. The picture stimuli were presented in the middle of the screen and subtended no more than 3.2°i n height and 3.2°in length. The word stimuli were presented in uppercase letters (Ariel, 36 point, bold) in the center of the computer screen.
The 96 critical target stimuli were first divided into two sets of 48 items each. The order of the two sets was rotated so that one set was used in the list method forget condition and the other set in the remember condition for half of the participants. The two sets were then further divided into three lists of 16 items each. Half of the items in each list were presented as pictures and the other half as words. Each item served equally often as a picture and as a word. In addition, the order of the three lists was rotated so that each list was presented as List 1, List 2, and as new distractors on the source-monitoring task for one third of the participants. Thus, 12 different configurations of the stimuli were needed to ensure that each item served equally often as a word and picture for List 1, for List 2, and as the new distractor, and in the list method forget and remember conditions. Procedure Session 1. At the start of this experiment, participants were shown three practice items drawn from the Snodgrass and Vanderwart (1980) pictures (i.e., drum, dress, and knife). All participants were able to successfully provide one-word responses to these pictures. Participants were then presented with two lists of stimuli using the list method directed forgetting procedure (forget condition). Each list contained 16 items, 8 of which were pictures and 8 of which were words. The list items were pseudorandomized such that there were no more than two consecutive items that were both pictures or both words. Before List 1 was presented, participants were told that they should learn the presented pictures and words for a later memory test. Each picture or word appeared on the computer screen for 5 s, with a 1-s interstimulus interval. Participants were encouraged to devise a strategy to help them remember the pictures and words. As a means of ensuring that participants correctly perceived each picture and word, participants read aloud each word on the screen and gave one-word responses for each picture. The experimenter recorded participants' responses. When errors were made or when the participant did not respond within the 5-s allotted time limit, the experimenter provided the correct response.
After presentation of List 1, participants were led to believe that the items they had just studied were only for practice. They were told that the previous list had been a practice list to ensure that they understood the task and were following the instructions correctly. They were told to forget these "practice" list items and to concentrate their efforts on learning the next list of items that would be presented (List 2). They were again reminded to read the words aloud and to provide one-word responses to the pictures.
After presentation of List 2, all participants completed a distractor test, the Symbol Digit Modalities Test (Smith, 1982) . The distractor test lasted approximately 7 min. The distractor test was followed by a free-recall test and then the source-monitoring test. The free-recall test always preceded the source-monitoring test because if the order were reversed, the inhibited items would be released from inhibition and directed forgetting effects in recall would not be found (Basden et al., 1993; MacLeod, 1999) . For the free-recall task, participants were told to disregard the previous instructions, which informed them that the first list was a practice list. They were told to provide us with the names of as many of the studied pictures and words as they could remember, including items from the practice list (List 1) and the test list (List 2). Once the participants indicated that they had recalled all of the items that they could remember, the source-monitoring task began.
The source-monitoring task required that participants decide whether items that were read aloud were previously presented as a picture, whether they were presented as a word, or whether they were new items. All of the items presented in both List 1 and List 2 were presented along with 16 new words. The test list was pseudorandomized such that there were no more than two consecutive List 1, List 2, or new items presented. The experimenter read each item aloud and recorded participants' responses. Participants were again reminded that items from both the practice list (List 1) and the test list (List 2), along with new items, would be presented during this test phase. They were also told to take their best guess if they were not sure whether any given item was a new word or had been presented earlier as a picture or as a word. The source-monitoring task did not begin until the experimenter was sure that the participant understood the instructions, and a cue card with the three responses remained in front of the participant throughout the duration of the source-monitoring task.
Following completion of the source-monitoring task, participants' compliance with the forget instructions was assessed by asking the following question: "After being told that the first list was a practice list, did you stop rehearsing or trying to remember the items on the practice list?" Session 2. The testing procedure for Session 2 was similar to that for Session 1, with the exception that participants were provided with a remember instruction rather than a forget instruction. That is, following study of List 1, participants were told that they had just seen the first half of a list of items that they were to remember. They were told that they would now be presented with the second half of the list and that they should again read the words aloud and provide one-word responses for the pictures.
Results
At study, both the participants with the severe CHI and the control participants made few errors in reading the words or naming the pictures (Ͻ1%). Because of this low error rate, all scores reported below were computed out of the total maximum responses. In addition, the data of 4 participants with CHI and 3 control participants were excluded from all analyses as these individuals indicated noncompliance with the forget instructions. That is, these 7 participants answered "no" when asked whether they had stopped rehearsing or trying to remember the items on the practice list in the forget condition.
Free-Recall Task
A mixed four-factor analysis of variance (ANOVA) was performed with group (CHI or control) as a between-subjects factor and stimulus type (picture or word), testing condition (forget or remember), and list (List 1 or List 2) as within-subjects factors. The analysis revealed significant main effects of group, F(1, 39) ϭ 20.04, MSE ϭ 0.07, p Ͻ .001, and stimulus type, F(1, 39) ϭ 90.65, MSE ϭ 0.02, p Ͻ .001. As can be seen in Figure 1 , the proportion of studied items recalled was higher for the control participants (M ϭ .31) as compared to the participants with CHI (M ϭ .18), and for pictures (M ϭ .32) as compared to words (M ϭ .17). There was also a significant testing condition by list interaction, F(1, 39) ϭ 16.00, MSE ϭ 0.02, p Ͻ .001. Consistent with the directed forgetting effect, we found significantly poorer recall for List 1 items (M ϭ .21) than for List 2 items (M ϭ .28) in the forget condition, t(40) ϭ Ϫ3.44, p ϭ .001, but there was no significant difference in recall for List 1 (M ϭ .26) and List 2 (M ϭ .22) in the remember condition (t ϭ 1.55). In addition, the proportion of List 1 items recalled in the forget condition was significantly poorer than the proportion of List 1 items recalled in the remember condition, t(40) ϭ Ϫ3.23, p Ͻ .005; the reverse effect was found for the List 2 items, t(40) ϭ 2.63, p Ͻ .05. None of the other two-way interactions reached significance, Fs Ͻ 1.6. In addition, none of the three-way interactions (Fs Ͻ 1) were significant nor was the four-way interaction (F Ͻ 1). These findings indicate that despite recalling fewer studied items, the pattern of responding was very similar for the CHI and control groups. That is, both groups exhibited directed forgetting as well as a picture superiority effect.
Source-Monitoring Task
Item recognition. To assess for "release from retrieval inhibition" and to determine whether there were group differences in recognition memory, we first examined participants' ability to discriminate old word and picture items from new items regardless of accurate source assignment. For each participant, measures of word and picture item recognition for each list in each testing condition were computed by subtracting the false-alarm rate for the testing condition (i.e., forget or remember) from the hit rate for the list. Hit rates for the word and picture stimuli, respectively, reflected the proportion of word items or the proportion of picture items correctly recognized from the study lists regardless of accurate source assignment. False-alarm rates for the word and picture stimuli, respectively, were the proportion of unstudied words (new items) incorrectly identified as being a study list word or a study list picture (see Table 2 ).
A 2 (group) ϫ 2 (testing condition) ϫ 2 (list) ϫ 2 (stimulus type) ANOVA on the item recognition values revealed better recognition for pictures (M ϭ .93, SD ϭ .09) compared with words (M ϭ .64, SD ϭ .15), F(1, 39) ϭ 19.40, MSE ϭ 0.04, p Ͻ .001. The significant main effect of testing condition, F(1, 39) ϭ 7.51, MSE ϭ 0.03, p Ͻ .05, was modified by a significant stimulus type by testing condition interaction, F(1, 39) ϭ 5.26, MSE ϭ 0.02, p Ͻ .01. Although item recognition values were better for words presented in the forget condition (M ϭ .68, SD ϭ .18) compared with the remember condition (M ϭ .60, SD ϭ .18), t(40) ϭ 2.84, p Ͻ .01, item recognition for pictures did not differ across the testing conditions (t Ͻ 1; forget: M ϭ .93, SD ϭ .10; remember: M ϭ .92, SD ϭ .10).
Consistent with the release from retrieval inhibition hypothesis, there was no significant main effect of list (F Ͻ 1) or interaction between list and testing condition (F Ͻ 1). Furthermore, the three-way interaction between group, list, and testing condition was not significant (F Ͻ 1), indicating that both groups exhibited release from inhibition. The main effect of group was also not significant (F ϭ 2.92). There was, however, a significant threeway interaction between group, list, and stimulus type, F(1, 39) ϭ 6.65, MSE ϭ 0.01, p Ͻ .05. A breakdown of the three-way interaction revealed that the controls exhibited significantly better item recognition than the participants with CHI for List 2 pictures (CHI, M ϭ .89; controls, M ϭ .96), t(39) ϭ Ϫ2.51, p Ͻ .05, but not for List 2 words (t Ͻ 1; CHI, M ϭ .63; controls, M ϭ .65). For List 1, there was a trend for the item recognition of the controls to be better than that of the participants with CHI for the words, t(39) ϭ Ϫ1.91, p ϭ .06 (CHI, M ϭ .59; controls, M ϭ .69), but not for the pictures (CHI, M ϭ .91; controls, M ϭ .94; t ϭ Ϫ1.17). None of the other two-way or three-way interactions were significant, nor was the four-way interaction.
Source memory. Various measures have been suggested in the literature to measure different components of source monitoring (see Murnane & Bayen, 1996 , for a review). We chose to use the single-source conditional source identification measure because it appears to be independent of item recognition under most circumstances (Murnane & Bayen, 1996) . However, because the conditional source identification measure is a performance measure of source identification that is a conglomerate of source-memory processes and guessing bias, to disentangle the contributions of source memory and guessing, we also analyzed the data using Batchelder and Riefer's (1990) Multinomial Processing Tree (MPT) Model 6c for source monitoring. This model allowed us to test both item recognition and source discrimination for each of the sources. Because the data from the MPT model produced the same pattern of results as that observed with our nonmodel measures of item recognition and single-source conditional source identification (the one exception is mentioned below), we only report the analysis for the conditional source identification measure below. 2 2 Detailed information concerning the MPT model can be obtained from the authors. Briefly, the modeling analyses indicated that there were no differential response biases associated with the source-monitoring manipulations because Batchelder and Riefer's (1990) Model 6c, which assumes that the response biases for sources are the same for recognized items and unrecognized items, provided a good fit to the data. As in the nonmodel analysis, there were no significant effects associated with testing condition or lists, indicating that the cue manipulation did not affect item recognition or source discrimination performance as a function of list. The MPT analysis did indicate the presence of a picture superiority effect for both groups at the level of item recognition and source discrimination. The only exception was a nonsignificant effect of discrimination differences between pictures and words for the control group when the forget cue was provided. The MPT analysis also revealed that the control participants recognized the pictures significantly better than did the participants with CHI; item recognition differences between the groups for words were not reliable. Finally, with respect to overall differences in source monitoring, no statistically significant differences in source discrimination for either the pictures or the words were observed between the participants with CHI and the control participants. Note. CHI ϭ closed-head injury.
For each list and testing condition, single-source conditional source identification measures for the word and picture sources, respectively, were calculated as
. In these equations, Y WW and Y WP represent the frequency of giving word responses to items that were presented as words and as pictures, respectively. Conversely, Y PP and Y PW represent the frequency of giving picture responses to items that were presented as pictures and as words, respectively. A 2 (group) ϫ 2 (stimulus type) ϫ 2 (testing condition) ϫ 2 (list) repeated measures ANOVA with single-source conditional source identification measure as the dependent variable revealed significant main effects of group, F(1, 39) ϭ 6.36, MSE ϭ 0.04, p Ͻ .05, and stimulus type, F(1, 39) ϭ 19.48, MSE ϭ 0.03, p Ͻ .001. These main effects were modified by a significant group by stimulus type interaction, F(1, 39) ϭ 6.98, MSE ϭ 0.03, p Ͻ .05. As can be seen in Figure 2 , the participants with CHI (M ϭ .96) and the control participants (M ϭ .97) did not differ in source identification when pictures were the source (t ϭ Ϫ.65). In contrast, when words were the source, the control group (M ϭ .93) exhibited significantly better source identification than the CHI group (M ϭ .83), t(39) ϭ Ϫ2.69, p ϭ .01. For both the CHI group, t(19) ϭ Ϫ3.8, p ϭ .001, and the control group, t(20) ϭ Ϫ2.2, p Ͻ .05, however, source identification was greater for picture stimuli than for word stimuli. Although the MPT model also revealed the presence of the picture superiority effect in source monitoring, no reliable source discrimination differences were observed between the groups for either the picture or the word stimuli. Finally, none of the other interactions were significant (Fs Ͻ 1.3), indicating no negative effect of the forget condition on source identification for either the CHI or the control group.
Correlational Analyses: Neuropsychological Tests
Correlational analyses were computed separately for the CHI and control groups to assess for interrelationships between the following four experimental measures: recall (sum of eight recall scores), directed forgetting (to-be-remembered items minus to-beforgotten items in the forget condition), item recognition (mean of eight item recognition scores), and source memory (mean of eight conditional source identification measure scores). Because of the large number of correlations, a more conservative alpha of .01 was used to decrease Type I error. For the participants with CHI, recall correlated positively with the source memory measure (r ϭ .62, p Ͻ .005). For the control participants, recall correlated positively with item recognition (r ϭ .69, p Ͻ .001). No other correlations reached significance (r's Ͻ .49).
We were also interested in the relationship between each of these four measures and the neuropsychological tests presented in Table 1 . We again used an alpha level of .01 to establish significance. As can be seen in Table 3 , none of the neuropsychological measures correlated significantly with the directed forgetting measure for either the CHI (r's Ͻ .51) or the control (r's Ͻ .42) group. Source memory correlated positively with both of the Stroop measures for the CHI group (r's Ͼ .56); no significant correlations with the source memory measure were found for the control group (r's Ͻ .55). For the control group, the delayed visual recognition (r ϭ .67) and logical memory (r ϭ .58) subtests, as well as all five scores from the CVLT correlated positively (r's between .54
and .82) with the recall measure. Furthermore, item recognition correlated with the delayed visual recognition measure (r ϭ .76) and with four of the five CVLT scores (r's between .56 and .68). For the CHI group, Digit Symbol (r ϭ .57), category association (r ϭ .70), and three of the five CVLT scores (rs between .59 and .69) correlated positively with the recall measure, and Trails B correlated negatively (r ϭ Ϫ.70). The item recognition measure did not correlate significantly with any of the neuropsychological measures for the CHI group (r's Ͻ .48).
In summary, for the control group, free recall and item recognition were correlated with each other and, not surprisingly, highly related to the neuropsychological tests of memory. In addition, no significant relationships emerged with the source memory measure for the control group, suggesting that our measures of source memory and item recognition may be tapping into different cognitive constructs. For the severe CHI group, greater interference on the Stroop test tended to be associated with greater source memory difficulties. Furthermore, in addition to being associated with memory measures, the recall score of the participants with CHI was also associated with tests assessing speeded processing and executive functioning, as well as with the source memory score. There were no significant correlations for either group with the measure of directed forgetting. 
Correlational Analyses: Injury-Related Characteristics
Correlational analyses were also performed within the CHI group between injury characteristics (i.e., coma duration, time since injury, and PTA duration) and the measures of recall, directed forgetting, item recognition, and source memory. No significant correlations emerged, even after covarying for age (rs Ͻ .42).
Discussion
Gating of irrelevant information from the information-processing stream is an important component of efficient cognition. In this study, we used a list method directed forgetting procedure to examine the role of retrieval inhibition in the memory performance of patients with severe CHI. Consistent with previous research (e.g., Brooks, 1972 Brooks, , 1975 Levin, 1989; Paniak et al., 1989) , participants with CHI recalled a smaller proportion of studied items than did controls. Despite poorer recall, like controls, the participants with CHI exhibited the directed forgetting effect. That is, significantly fewer to-be-forgotten items (List 1) than to-beremembered items (List 2) were recalled in the forget condition, and significantly fewer List 1 items were recalled in the forget condition than in the remember condition. These results suggest that the participants with CHI were successful at initiating an inhibition process that blocked retrieval paths to to-be-forgotten items, making them relatively inaccessible at recall. The item recognition data further showed that the inhibited items were not forgotten items but rather were items whose accessibility had been lowered. For both groups, when the studied items were reexposed during memory testing, item recognition scores did not differ across the lists in either the forget condition or the remember condition.
Although previous research has documented the persistence of memory deficits in the population with severe CHI there is still debate about the underlying nature of the memory impairment in CHI (Schmitter-Edgecombe & Nissley, 2000; Vanderploeg, Crowell, & Curtiss, 2001 ). The results from this study suggest that the memory difficulties of patients with chronic (Ͻ1 year postinjury), severe CHI are unlikely to reflect inefficient retrieval inhibition mechanisms that allow irrelevant information to take up space and consume processing resources. However, additional research is needed to further explore inhibitory processes within the domain of memory in populations with chronic, as well as acute, severe CHI. Currently, there is still an unresolved question of whether inhibition occurs at encoding in addition to memory retrieval (Marks & Dulaney, 2001; Zacks et al., 1996) . Furthermore, a related question is whether inhibition is a single process or whether there are different types or domains of inhibition that can be dissociated (see Wilson & Kipp, 1998) .
We also found that participants with CHI, like controls, exhibited the picture superiority effect. More specifically, both groups recalled a greater proportion of the studied items that had been presented as pictures compared with those presented as words. In addition, both groups correctly recognized and identified the correct source for more of the items that had been presented as pictures than as words. In fact, the item recognition and source identification of participants with CHI for the pictures was 90% and 96%, respectively. In comparison, item recognition and source identification were only 61% and 83%, respectively, for the words. These findings are consistent with previous research in indicating that pictorial presentation of stimuli can enhance the verbal learning performance of patients with CHI (e.g., Constantinidou, 1999; Constantinidou & Neils, 1995; Constantinidou et al., 1996) . The results suggest that visual remediation methods that make use of simple pictures could prove more efficacious than verbal instructions in helping patients with severe CHI to learn new information.
The correlational analyses revealed that our measures of item recognition and source memory may have been tapping into different cognitive constructs, as no significant relationship was found between these measures for either the CHI or control group. In fact, the near ceiling source memory scores for the control group indicate that if an item was successfully recognized, it was typically assigned to the correct source (i.e., picture or word). For the control group, free recall and item recognition were highly correlated with each other and, not surprisingly, with the neuropsychological tests of delayed memory. No significant relationships were found between the neuropsychological tasks and the source memory measure for the control group. However, the control group's near ceiling source memory scores limited variability. For the participants with CHI, source memory correlated with the Stroop measures, perhaps suggesting that susceptibility to conflict interference could impact memory for source after severe CHI. The source memory score also correlated with the free recall measure; those participants with CHI who recalled fewer of the studied words also tended to have poorer memory for the source of the studied items.
The source memory data provided no evidence to suggest that contextual features associated with stimulus type (i.e., picture or word) continued to be inhibited after there was release of inhibition. For both a population with neurological impairment and a population that was neurologically intact, we found that source identification of stimulus type did not differ across the lists for either the forget condition or the remember condition. This finding does not necessarily imply, however, that all traces of directed forgetting on measures of source memory were eliminated. For example, using the list method, Geiselman et al. (1983) found that for participants' recall protocols, the discriminability of learn versus judge items was excellent overall, with less than 5% of the items misclassified. However, they also observed that the participants had relatively poor memory for the list-half membership of both learn and judge words presented before the forget cue. Future research is needed to better determine what occurs when an item overcomes inhibition. That is, is the item collectively experienced, or does some of the contextual information associated with the item continue to be inhibited?
Several other important questions currently remain unanswered in the area of directed forgetting research. First, given that retrieval inhibition may cause list method directed forgetting, what is inhibited? According to Basden and Basden (1998) , the list method forget instructions act on the to-be-remembered and to-be-forgotten items as two integrated, relationally processed units rather than on individual items. In contrast, the data of Whetstone et al. (1996) suggest that inhibition may act on the representation of the items themselves. Second, how does the retrieval mechanism operate in list method directed forgetting? Some have argued that the inhibition is an active process initiated by the conscious intention to suppress the retrieval of information that exists in memory in the pursuit of a goal (Anderson & Bjork, 1994; R. A. Bjork, 1989) . Others, however, have postulated that although the forgetting process in directed forgetting is intentionally initiated, it may be maintained unintentionally (David, Brown, Pojoga, & David, 2000; Geiselman & Bagheri, 1985; Geiselman et al., 1983) . If retrieval inhibition is a more automatic process once initiated (see Conway, Harries, Noyes, Racsma'ny, & Frankish, 2000; Fleck, Berch, Shear, & Strakowski, 2001; Whetstone et al., 1996) , then this may explain why it is intact in patients with chronic, severe CHI who have concomitant memory deficits. That is, there is a body of literature suggesting that participants with severe CHI are more impaired when tasks require consciously controlled as opposed to automatic processes (e.g., Schmitter-Edgecombe & Beglinger, 2001 ; Schmitter-Edgecombe, Marks, & Fahy, 1993; Schmitter-Edgecombe & Rogers, 1997; Vakil, Blachstein, & Hoofien, 1991; Van Zomeren, Brouwer, & Deelman, 1984) .
In conclusion, despite exhibiting poorer overall memory performance than controls, participants with severe CHI who were more than 1 year post injury were able to efficiently inhibit the activation of task-irrelevant information during memory processing. In addition, following release from retrieval inhibition, both item and context (stimulus type) information for the to-be-forgotten items was available in memory at essentially the same strength as that of the to-be-remembered items. These findings suggest that the residual memory deficits of patients with severe CHI are unlikely to reflect inefficient retrieval inhibition mechanisms that allow irrelevant information to consume active work space and processing resources. The consistent picture superiority effect also suggests that pictorial therapy methods may prove to be a useful remediation technique in the population with CHI (see also Constantinidou, 1999) .
